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SUMMARY

,

Page 59

'Module -No:

.
. ..

:
.

Module Ti tle:
_, .. .

.

(
t,

-Advanced Activated Sludges2 ..

.
. ."

, -Topics :
4.

1. Review - Design and Operation Parameters ..

2. Review - Control Procedures ..

3. Revi ew - Trend Charts
4. seivggn Uptake .

5. .Process Control '7
.

*.,
. ,

. .

: ..

Approx., Time: ,.,

.../'

12 - 18 hours
,

.

Overall Objectives : :....24 .
- . -_

. ff.
Upon completion of this module the student should be . abl e to ,cal cul ate

. traditional activated sludge process parameters, loading, detenti on times, .

etc. He should recognize modifications to the conventional acti va/.ed sludge
proCess and basic 'eontrol ,methodologi es. Trend chart. plotting is 'revised
.,And trend. chart interpretation 'ci-s: addressed. , ..

.

.Instructional Ai ds :
,

. - . . ,. _

,,

L- Handouts . , . ,

2. -Transparanci es .
.

, //
. `;3: Calculator , ,'

, .

Instructional Approach : .
.

* a .
. . b1. Lectdre .

. . .
2. Discussion

.

,. . r
3. Exercise \ .

,.
.

4. Hands-on , ,

, i . . . ,.
..'.,References : i

. .,.,/ ,
,,.. . /,1. Recommended St ards. for. Sewage Works . , , ,

2. Manual of Instruction for' Sewage Plant Operators. , . ',
3. Water Poll uti on Control. federation MOP 11. r ,,
4., Operational Control Procedures for 'the Activated Sludge ProcesS-, Parts ' .III A,-III.8. .

, .., .,/r
5: Operator' s Pocket 1.1,j de to Activated Sludge, Parts I and, ifYi

:-:.,
\ 1- 6.- DisW-ved Oxygen AnOys.i s, ACtbi voted Sludge Control . k :

/, ' 'Y. jit d'..::1 ,/, r n -0 4/ ,e.c y,,
A' t

. %

0 .
..

a

i
I0 . ,

N

+I

doss Ass ignmen'ts : ... -- .
_

... . -

1.. Read 'handouts 3. Plot trend charts 5: _Perform oxygen
2: - Solve ;problems ,,,,- A.. IRterpret trend charts - - uptake test

lr. , .. A .
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Page 5 of 59

Topic:

Advanced'Activated.Sludge

Instructor Notes.

i

cI

-4

e

a

.

Instructor Outline:

.

I. Handouts Should be distributed 4s the, appear
,in\the module.,

2. The module, includes lecture','in class problem ,

solution, trend chart 'plotting, discussion and .

laboratory exercise.
s44.

3. 12 x O'division per inch graph paper should'
bejli e aypflable to the student for trend
cha lotting.

a .

-4. The module is most approprfateiy presented at
at activated.slOuge facility as samples of
process streams., are needed the ,oxygen uptake
test. An overhead projector and screen is
required.

5. Intermediate activated s14pe is.a prerequisite..

6. The equipment necessary:tve4ormmthe OXygen
uptake test'dncludes:

A. Dissolved oxygen\ana)yzer with BOD bottle
probe.

ti

B. Magnetic 'stirrer and stiving bar.:

C. Standard BOD. bottle's., `1 " .

D.100 cc and.250.cc graduated cylinders

E. -,Sanpling containers.

F. Centrifuge

G. Stop w,ch or\timer.,

-4
7. Recommended Stindafkfor maySewage Works y be 1,"'

obtained from: (Norirbgi charge);

Health Education Service
P. 0. Box"7283 : :,

Albany, N.q ,12224. ,....
. ,
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Module No: Tof;i

'Advan'ced Acti vated S1 udge

Instructor Notes: , ,Ins,fructor ine:

.

--)
'8. Operational Control Procedures for the Activated

Sludge Process, Parts III A and III B may be
bbtai ned from:

EnVironmeneal Researa Center
. \_I .9

U. S. Environmental Protection Agency
26-W. St. Clair St.
Cincinnati ,. Ohio 45268 .,

9. Operators Pocket Guide to Activated Sludge /
Parts I sand II may be ordered -from:
(Nominal charge)

,..

Stevens,' Thompson and Runyon, Inc.
'. .5505 S. E. Milwaukee Ave.

Box orzol.
Portl and, Oregon 97202

0. Disskolved Oxygen Analysis, Activated Sludge:
Control, XT-43-may be obtained from:

Environmental Research Center .9Attn: Eileen Hopewell
U. S. Environmental Protection Agency
26 W. St. Clair Street
Cincinnati , Ohio 45268.

417

.11. The instructor should if at all possible obtain
trend chaits from students who pre-register

. some days prior to the actual workshop so that
the instructor can familiarize himself with the
charts and be prepared to lead discussion

.



-Prerequ'sites.: 1. AAivated Sludge Trend Chats
and 1.:boratory Data

F

Intermediate Activa:ted Sludge-Page 7 of. 59
'Module No Module Title: .

, _
. ,

0
.

',A0anced Activated Sludge
44 . t ...**. ..-

. © Submodule Title: . - ,

,
.

. . .

,

Approx: Time: RevieW,From Activated Sludge
. .

,

, .. ,

. . . .

, Topic:
- . .

1 - 2 hours Design and Operation Parameters
,,

.,
.

Objectives:
1. r Ai, .'.

1. Given a.plant schematic, dimengionS, flOws and laboratory data calculate:
. (a) Detention times, (b) Loadings, (c) F/M, (d) Overflow rates, and .-

1 (e) Sludge age. , . .

,,,

2, Identify by lbeling given sketches the followigg: (a),Conventional
.

activated sludge, (b) Step-feed, and (c) Contact stabilization.
_ . \

.

.
. . \

.

1'
)..

. .

InstructiOal\Aids:
,

. .

1. Student handouts . 4 . .

.2.: Transparanees
4

.. '.

I
% .

a , ..-
....

I.

..

'Instructional Approac\ .

' .

41!

... t
. ..

. .

.Lecture -
.In- "class problem solution , .

1

. .
.

..
. .

.
.

. .

.
.

References:
.

1. ,Recommended standards for Sewage Works. ,

.,

?. >Manual of Instruction for Sewage Plant Operators- (New York Manm61)-
. 3. (yater'Pollution Comtrol*Federation MOP 11 (WPCF:MOP 11). ,

4. Part III4li 'Operational Control, Procedures for the Activated Sludge Process.,oll , ..
.

./...t . .'1 . pa
.m , .

Class Assi meats:
.

,
-,

,40 "
i .. ,

c.'.. . .

. ,
. 6

, . . ,
.

.., . .
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Module Igo:

Iffstructor t4o.tes

1.1

C Page 8 of 59
Topic:

Review -. Design and Operation Parameters

.1' Inst ,uctor Outline:

St'udeAt. Handouts Land 2
contain appropriate data
for the sattivated sludge
process evaluation.

Conventi onal design
generally 6 - 8 hrs.

. Generally 2.5 hrs.

Generally 700, This is much
better

This woi-kshop. begi ng with Fproblem Which ishbuldbe solved in class, an 'extens i ve plant evaluation.
,Speci al attention ' shoul d le -gi ven to us insj, thecorrect fl ow values.. ,/.. . ;

Solution:
. .

Tank- Capaci ti et ;

Pj

c-i mary.,Clari f iers

\--x 3..14 x 2 x 22

Aeration Tanks

2 x 32'x 64'X 14 -='. 57,344 ev:t.',
57,344 X 7.48 y8,933 gal'. -

x 9 x 7.48/4 = 51,155 gal.

,Secondatry .C1 ari fi ers. .

.

3 x 3.14 x 25 x 25/4..1,472 sq. ft.
1 ;472 x,9 x 7.48 99,09*5. gal.

. Detention Times

Aeration tank at fl 64 alone

.428933 x 24/(.6268 - .0169) 446.9 :

Aeration tank at flow .pa us- return ,

`,

,'.42893.3 x 24/(.6268 .0169 -.3140) = 11.1

Cla-rifier

.099095 x 24/(.-6268 .- .3140) = 2.6 hrs..
9 /\'Overflow Rate

(:6268 ;01-9 - :0130) x,1;0

406 gal /sq
NZ.

,000/1,472
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Module No: .
Topic: _

Review.- Design tnd ORerat.tOn Parameters

Instructor Notes:

1,500 cu. ft./lb. BOD
Generiely

%.4

.

Usi rig MOSS'

. New York Manual

MOP 11

Instructor Outline:

,

Figures are included which
show convent4onal activated

-,sludge and mOdificatiOns.

Organic Loading .

(-.43268 - .0169) ,x; 302 x 8.34 = 1,53

1,56/57.344 26.8 lbs. BOD/1,000 cu.

Aeration Capacity,

(Miilimum)

.

lbs. BOD

ft.

A

1,500 x 1,536 = 2,304,000 au. ft. air/day

Three-blowers are; available

700 Cu. ft./Min. x 1440%= 1,008,000 ,cm. ft./day.

41,000 cu. ft. /Min 7 x 1,440 = 1,440,000 cu: 'ft./day

Probably 1 - 700 SCFM and_the 1,000 SCFM blower.
would provide sufficient air with the remaining
700 SCFM unit as 'backup durt(tg peak. load
situations.

F/M

F =." (.6268 - ..0169) x 30 'x 8.34 = 1,536.

M =.428933 x 3,138,x 8:3 - 11,226

F/M = 1,536/11,226 = 0.14

'Sludge Age

S.A. = .428933 x 3,382/(.6268 - .0169)x.137

17t4 days

S.A. = 3,382 .428933 + .099095)/.013 x 8,399

=;,..1,6.4 days

The -second-sectitht of this topic, reviews the
modifications to the conventional. activated sludge'process. The operator Who is fortunate enough to
have 5 orre flexThility should not only be. able to
-alentify"

,some,

modifications, but also have dome.
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Module Ng:

Instructor Notes:

I Page 10 of 59

Topic:

Review - Designs and Operation Pdrameters,

A

Instrktor Outline,
1 I

. ,

I

.

rationale,for moving process from conventional to
step-feed, for example, Some discussion of this
nature is included after the oxygen uptaketesI
procedure.

, .
-,...

It shmild be necessary only to briefly use Figures.
s. ,

-1, 2, and3 as transparencies to refresh the, student's
memory.. Rart III-la-should be provided toathose
oftrators who.have step-feed capability.

*;',11.
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Unit Pnoces's.Dimensions

Primary, Clarifiers

STUDENT HANDOUT 1

Number

:Di nsions (each) 22' dia. x 9' depth

Primary Sludge Pumps

Number

Cpaci.ty (each/t.

eration Tanks

mber

nsions (each) 32' x 64' x 14'.-deep

Blors

(.1

:)age, 11 of 5c.

't

2

. 200 GPM

2

Number
_3

Size
2 at 1,000 SCFM

'1 at 700 SCFM

jcondary Clarifiers

Number -

Dimensioris (each) 25 dia. x 9' depth

Return Sludge Pumps

Number-

Capacity (each

44.

..,*
4

3

.2

200 GPM

,
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'-'acIC 1.2 of

Plant Data

Flow.

Raw f 16w

Primary ,sludge flow

Return, sfudge _flow

Waste sludge fl ow

SOD

STUDENT HANDOUT 2

.

0.6268 MGD

0.0169 MGD

0.3140 MGD

0.0140 MGD

Raw, 366 mg /.1

0,Primary effluent 302 mg/1,

Fi nal effluent
, .

. Total Suspended .Solids

o Paw

Primary' effluent

Final effluent

Mixed Liquor
,

MLTSS

MLVSS

Return Sludge
0

RSTSS

Primary Sludge

PSIS S e

s:

14 mg/1;

.

460

137 mg/1

#414 mg /1

3382 mg/1

31384.9/1

839§ mg/

48,157 mg/1

.

4

br

.

40.
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'CLARIFIER:SLUDGE FLOW,
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RETURN

.SLUDGE

FLOW.
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row 4

41

1

I

It

DETENTION TIME= '6 - '8 HRS.

AERATION TANK

1 -

4

. .c.

1
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2

,

4
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r'

SECONDARY CLARIFIER

f\-
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FIGURE 1 ; 4 t

CO4VENTIONAI: ACTIVATED SLUDGE

PROCESS SCHEMATIC -
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CLARIFIER'
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,WASTE 'CLARIFIER SLUDGE FLOW ,

SLUDGE

FLOW

5.

k.

AERATION TANK

RETUR
`SLUDGE
FLOW ..

DETENTIOV TM'''. 4-6 HR'S.

4.

O

INFLUENT

(

r

lv
,5;

AERATIO TANK

FIGURE 2'

.r>

CLARIFIER'

OVERFLOW

?

SECONDARY CLARIFIER

4STEP-AERATIQN STEPr:FEED Y.

PROCESS SCHEMATIC

.

I
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Module No:

App rox., i :

3 hours

Module Title:,

Advanced Acti vated.Sl udge

SubmodyleTtle:

Review from Activated Sludge

Topic:

Control Procedures

Objectives:
.

1., Given F/M control, constant MLVSS control, constant sludge age, list
the primary control parameter an limitations of each control `methodology.

2. Given appropriate data, calculate return sludge flow demand.

Instructional Aids:

1. Student handouts
Transparanci es' -

1.

Instructional Approach:
ti

Lecture
In.-class problem solutions .

F.

References,:
.

I. Operati Anal Control Procedures for the Activated Sludge Process, Part II I-A
(Part III-A).

L.- New York Manual
3c WPCf MOP 11-

;
-

4%. Operators Pocket Guidb to Actfilated Sludge, arts I & II, Stevens, Thomps,on,
and Ryan, Inc. Pocket Guide).-

Class AssNgnments:
c

,
.
4`, °
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Howie 140: TINA c:

Control Pfocedups
eq.

Instructor Notes:
I,

Instructor Outline:
'1*Mt.

0

'7

*I

,0

s

- .
The following 17 pages are taken from the
"Intermediate .Activated Sludge" module.- The
material ,should be covered as a review,' focusing
primarily on the control and limitations' to each
methodology. The "Mass Balance" section will
unlioubtedly require the most time.

. ;
Student, handout '4 ,i rid udes; suffi-Eient sdata to
practice a "Return Sludge Flow Demand"- problem.

0

16

t
I

f .
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Page 1.B. of 59

Topic:
'e

Control Procedures - Constant MLVSS

1

, .
..

.

Instructor Outline:. -,

a 4 4

Control to a 'constant Mixed Liqubr Vol ati'Te
Susnendeg Solids (MLVSS) concentration jor
Mixed Liguor Total Suspended. Solids, MLVSS) is
One of the most common control Methodologies
practi ced 'in activated sludge wastewater treat-.
ment facil ties. The prime limitation' to this
control chnique lies in the fact that it is
based o the consistency. of the raw waste load.
Stated, another way, a facility trat experiences
wide vari ati ons in the raw. waste%organ i c- load
(BOD) will probably not be able.to be controlled
successfully 'by maintaining .esonstant aeration-.
tank solids concentration. A seennd limitation,
lies in -the fact -that return sludge flow control
:adjustments may not be made-when-needed, or as
a function of process demand. Typically,
facilities controlled by this techniciue.rarely
adjust return flows. The return sludge flow, rate
generally is set somewhere inthe range of 25, to
33 (up to, 50) percent of raw flow. Subsequent.,
di s cussipn of ,the' "mass balance' equation will
help elflain this return sludge flow rate: .s

The primary process control parameter used to
maintain the constant aeration tank solids
concentration is .waste. sludge flow. /Simply stated
if the target solids

concentration has 'been -exceeded waste. If solids concentrations' fall
below target, decrease waste.sludge flow. The .

volume of sludge that must be removed (Wated.)-,
will-vary from'plant to plant and is a function.,,.,of the character-of the waste and type ofsfacillty\ainong other things': Generally a good starting
potnt is between, 0.5 and 1.5 A of the average daily
sewage flow. Expressed in after terms the volume
would range generally -between 5,000 gallons and
15,000 'al bons per day' per mi 11 i bn gallons, of raw
sewage flow. -

"
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Page 19 o 59°P.

Student Handout 3- Problem tosolve for aeratibn tank solidsunder a ,,"constant MLTSS" modeof operatiat. It would also
use data from any- student Whohgs.,"real world" .data,with him.t

.L

*MI

\

1.

I .The filial topic -iSthedete ination of theOptimum solids level that sho 1d-beRecall that thit control metho ,1,0gy.isbasedon the premise tht the i'-*Was load is .reasonably consistent. It 'then remains to sele"ct,an F/M ratio, measure the load 0) coming in,and calculate' the, concentration of solidsnecessary to satisfy the requIred value for M.'The plant shouldthen: be operated at level for:preferably one month.' \If effluent quality isgood, maintain that level of solids. -If effluentquality is not acceptable, select-a new P/M ratio,confirm the lo d (F), and recalculate the-requiredconcentration f solids4ece5sary to satisfy therequired M.
.

Solution tp Student Handbli- 3 Problem-

`Aeration tank olume = 16 ,12 x

:-/45;951 gallons, each'
J"F = 0.3 x 165 x 8.34

F = -413 lbs. BOD.,

F/M =' 0.3

M = 413/0.3

M = 1,377 lbs. solids
MLVSS x .0.b45957 'x 8:34

MUSS = 1,800 ig/.1
.

L.

To increase MLVSS' a' decreaseci.J/M must be ,selected.Therefore' replace 0.3 with 0.2.. Assume for thqproblem that the load has not 'changed:.
, .

v.

F = 413 lbs. BOD

F/M = 0.2

M = 413/0.2

'19
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Page 20 of 59 .
Module No: ,' , Tppic:

'

1

Control Procedures - Constant MLVSS
/

. .

Instructor Noe

.7

I

a

I

I

Instructor Outline:

19

M = 2b65 lbs. iolidS

MLVSS = 2,065/2 e0.045957x 8.34 .71L1-1

MLVSS =.2,690 mg/1

v

4
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STUDENT HANDOUT 3 .

Giv'en: Two aeration tanks, each 16' x 1,2'

Sewage flow BOD =,165m4/1 ,

Raw flow T 300,000 gallons per dky

Select: FM ratio-0.'1 to 0.5)

Say 0.3

Find: Mixed liquor vo at sospended.sol.ids concentration required..

-1. MLVSS =

Final effluent quality not acc table. The appearance of the final clarifier

ifidicdtes,a higher concentrationOi solids would improve final :effluent '.

quality.

s

Select a revised F/M which would result in a higher concentration of solids,

and then solve for, the new concentration.

2. MLVSS

.0`

. .
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Control Rrocedures:: Cungtant F/M

0 v

.4

, Page' 22- of 59,

Instructor Notes:

A

In,structor Outi

o

V. , / ?- (
The second control procedure to be reviewed iscontrol to a constant F/M ratio: In order; tocontrol by maintenance-of a constant F/M ratioit is necessary to routinel determine thestrength of.the load. (BOD, COD; TOC e.g.), theconcentration of solids un er aeration (MLVSS or(.-MLSS) , ,raw sewage , fl ow ,... and cal cul ate valuesfor rand M in order to determine if increasedor decreased91,4aste sludge' flow is' in order. .\ !, , 'It is generally accepted that values for. F/Mshould fall wi.thin the range of 0.1 to 0.5,' -5__.

.
The disadvantages to sontrgl by this techniqueinclude:

,
, 1. The difficulty in obtaining a timely value

of °F (BOO is 5 day determination).

.
-

Figure 4 -.Conventional
Activated Sludge Process
'Schematik

2.. ',MSS -determinations are not 'necessari ly
true .measures of M (paper and dead cellsshow Up as MLVSS).

43-. Inabi 1 i ty% to -make instantaneous changes, in.'aeration tank solids .concentrations.
,. V ,

4: F/M By itself giyes ijittle assistance toolierator. relative to return sludge -flowda-j ustments.' '; " ',.
The Worksh6p began with a problei from Student.Handout 1. If there was no difficulty with theproblem, .proceed.. If there-are any questionswith soTving -for F or M or the F/M ratio, jork
anckther problem using data-from the Etudents.
One of, the -most significant parts oftthis moduledeals. wi th the "mass _balance equation": Theoperator mutt come to ,grips with this equationif he is to rtse to 'an imprbved understanding of.the actiyated'sludge, profess. The starting pointis the proce'ss flow s'elematic._ The second step isto label all f,lthis-,aild to assign symbolsto theseflows and the concentration. of -solids' in- each4"pipes'.

. ti
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H41L1u1ii No: Topic:

Control Procedures -.Constant,F/M tr
-Instructor Noteyr

.
Instructor Outiini:

Figure 5 - Flow Balance

'4

Figure 6 -'Mass Balance

4

a

ti

4."

4.

Recall .that there is -an equation 'which has been
used 'in this module to solve for pounds, Poundsof BOD of solids.

You,should recognize the
following equations: .

1. Pounds solids = Conc. (mg /1) xVolume (mg)
.

8.34-'

2.' Pounds ,solids per day . Conc. (mg/1 )/x Flow
(mgd) x 8.34

The mass balance equation has as its simpie
premise:

Mass in equals(Ilass out',

let's take one Step backward before.moving
ahead. A flow balance should be readily under-stood. The flow balance premise is Flpw in
ecivals'-'flow out. Notice the different, relation-ships which exist. The size of the clarifier
and aeration tank do not change the relationshiptwhen the tanks are full. Flow balance is 'important in that-

sometimes 'proces's flow datacan be calculited
on occasion' if some measuredflow data is available. -Flow balance equations

shoUldb,dpile in your (the student's) facility.

Return now to the mass balance equation:

.Mass in equals mass out

Pounds will be the units of, mass for our use. Theequation now becomes:

Pounds in equals Rounds out

Figure 3-ts identical to Figure 1 except the
aeration tank and ,clartfier have' shrunk. ihe
mass (pound) balance

relatiopthips should now beevident. The mass balance- around4the cl ari fier
results in the following:

24
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Flow in = Flow out

TFL = AFI RSF ,

-1.FL = tFO CSF

csf = RSF + XSF

Fi gure 5

flow Balance

25
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RSTSS (mg/1)

%

Pounds in = 4iotinfiLl'out. , -

Figure 6

MASS BALANCE
,
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TFL x MLTSS x 8:34 = CSF x RSTSS x 8.a4 + CFO x-
TSS x 8.34

First the 8.34 can bee -diVided out'resulting in:

.TFL x KISS = CSF x RSTSS +.CF0 x FETSS
J

Next,-FETSS, if final effluent-quality is good,
approaches zero. (At the very least it is very
much smaller than either MLTSS and/or RSTSS).

The equation then becomes:

TFL * MLTSS = CSF x RSTSSt

Sloy.ing ;roulig thfsystem:

CSF x RSTSS = RSF x RSTSS + XSF x RSTSS

If there is no sludge'being wasted, XSF = 0'

CSF x RSTSS = RSF x RSTSS

Finally the mass-balancearound the aeration.tank:

TFL x MLTSS = x RStSSA+ AFI x PETSS

These eqUatio s do have significance fOr the
'operator. The mass balance around the clarifier
resulted in the following equation:

TFL x MLTSS fCSF x RSTSS

.

If XSF = 0

(AFI + RSF) x'"MLTSS = RSF -x RSTSS

'AFI x MLTSS + RSF.x MLTSS = RSF x RSTSS"

RSF x (RSTSS - MLTSS) = AFI"x MLTSS
7,

RSF = (AFI x MLTSS)/(RSTSS VOSS)

27
4
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This relationshipdcan be of assistance' to theoperator trying to control to a constant'aerationtank solids
concentration of F/M control. Itis most important

to.understand that thisrelationship presumes noYpccumulation of solidsin the clarifier.
Other felationships can be'derived and will be in subsequent topics of this'module.

The centrifuge jan be utilized-as an operationaltest device and its use should be ihcorporated.It does not replace gravimetric solids
determinations. It rather expands the operator
capability.

There are accepted,
even required procedures

for "self-monitoring" data. But, that does notmean that a test or analysis not in "StandardMethods" is not appropriate as a control test.Use of the centrifuge for solids concentration
, determinations falls into this catagory. Percentsolids by volume can be easily determined using.: American Petroleum Institute (API) centrifuge
tubes.° Determine aeration tank concentration(ATC) and Return Sludge Concentration RSC).The equation:

RSF= (AFI x.MITSS)/RSTSS - METSS)-

Becomes:

RSF = (AFI ATC)/(RSC ATC) '

The centrifuge values can be rapidly determinedand this test and equation can be made a part ofcontrol procedure.

This relationship cante manipulated to give"anexpression for the return sludge
concentration(RSC). The expression is

(AFI + RSF) x ATC/RSF

The expression for.RSF implies that given mixed.liquor and return
sludge concentrations and alevel of flow into the aeration tank, the return

28
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Part III A, Operational
Procedures for the Activated
Sludge' Process, Page 5.

7;

4.

ar

sludge_ flow to maintain that system-in Valance--can be found.

The expression for RSC implies bat given the
flow values and mixed 'quor concentration,' thereturn sludge concentr ion necessary to maintain,
a balanced systerii can b fouod.

°

llovever, there is nothing quiteso simple:. Firstof all the activated sludge process is a
biological (living) process% The mass balance ---,presented.does not take into account the growthof new sludge in the aeration tank. The second
concern is`-that the ycpression does riot take-intoaccount the storage of sludge on occasion in the
secondary clarifier. Finally the substitution_:for ATC = MLTSS and RSC = RSTSS assumes an -
identity relationship.

In other words ATC time a tonstant.= MLTSS andRSC times--a constant . RSTSS, It such 'were the
case, gra vi metrtc solids determinati ons. could -bereplaced with solids determination by centrifuge,which-is much easier. Such is generally not true,A
but the'relationship

and.its relative change is.worthy of consideratfon/. Part III A -terns thisthe "Sludge
weight-tocontentration ratio" (WCR).The key is not the exactness of the number's shown;'rather the trend._ In other words a WCR of 800,does not necessarily mean that youT'.slu ge is"normal". Your centrifuge may not rota at theidentical RPM's to the one used in Part IA.The operator watches the trend of-the VC in his'plant. Increasing WCR's indicate the sitidge isbecoming relatively der" . DecreA4 ng WCR' s_i ndi cate the 'sludge is becomi ng rel ati vely

"younger".

4

To, solve for. WCR requires only the gravimetricmixed liquOr solids deterinination and solids-b4centrifuge.

WCR,. ALT /ATC:
$ ,(

. 29
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Prohehly two of the'mb ifficult aspetts of
' control to a constant sludge age are:

, I

-1. What equation should be used. .
.2. -What sludge age Value should be selected:
This module will not-make your decision:
.does seem appropriateto use the equadon'you
the operator are most comfortable with. it
also seems appropriate that more then one
equation should be used and a selection then
made based on which seems to workbest or which
be t. parallels process change.

With reference to a starti ng val ue, for sludge
age, once again no value is. offered. Rather-
only that .a value must be selected and then
adjusted as a function of process demands.

WPCF MOP 11 offers the following. equation. for
s 1 udge age (S.A. ) :

S.A. = X (Va Vc)/Qw x Xu

Where

X = Average active mi crobri al solids concentration
in the aeration tank, mg/1. (Or percent by
"centrifuge).

Va = Volume of aeration tank(s), gal.

Vc = Volume of final settling tank(s), gal.

Qw = Flow rate of sludge being wasted, GU.

Xu = Average
concentration of activated sludge in

final settling tank underflow, mg/1.. (Or
percent by centrifuge).

The New York Manual: states:

S.A. = V x A/Q x C.

Where

V = Volume of 'aeration tank(s), gal.

30
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= Concentration of suspended solids in the
aeration tank(i),mg/l.

= Sewage flow, GPD

C =' Concentration of suspended solids in the
sec/Age entoring the aeration tank in mg/13
ext1 us i ve of returned sl udge.

The Operator's Pocket Guide suggests:

Cell Residence ;ime (CRT) = Total Soli ds/konds
Wasted

r.

Where

Total solids - Lbs. solids in aeration tanks

Solids waited.= Lbs. solids wasted per day
. ,,

NFI( Procedyres .uses icentttifuge.`values and offers:A - . ^

S.A. = (ASU 4. tCSU)/TXUldAy.

WhUre

ASU = % solids in aeration .tank(s) times volume
of .aeration tank (s)

4

CSU = %.solidS in clarifier sludge b4-anket timesthe volume of the clarifier%Cupied by 4sludge

TXU/Day = % solids, of sludge wasted times the
. volume of udge Vasteiiper day plus
the r."Soli ds in-the final effluent times
the vol Lime of. final' effl ueheper day

. .WPCF M4P 1,l states the ohe':"teuth" relative toeach of these.four -equations, "The wasting
procedure wi.3.1 affect the effectiveness of'theactivated sludge plant".

4\
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, 41

t.

1

-4, ...
-

O

o

One additional comment relative to control by'
maintenance of a constant sludge age. This isa control methodology and that equation
selected should lend itself to 'control".. For.that reason the. technique incorporating use of
the centrifuge, its 'relative ease of solids
determination, the ability to 'idly check the
concentration of the solids: being asted,,and
thus to adjust the rate of wa to slu flowas frequently as desired seerr quite ap ropri ate.-t,

Final Comments address adjustment of the
selected sludge age value itself.

Control to'i constant sludge
associated F/M. If thesl
results in a proces reali
effluent qualityrunacceptabl
would be selected

/
age implies an

4r'age selected
sili c F/M with final.-

a new sludge age

A change in a ewage flow i.e., a seasonal
variation, lo s of or addition of a signifftant
sewage flow.cont, ibutor would require sludge age.value `adjustment"

Proces' indicators might dictate a change such

A. Denitrifying slud AFTinal clarifierS.

B: Sludge accumulat to excess in final
clarifiers.

C. Appearance of great4volume of white foam on
aerniron'tan4. t

D. Appearance of dark, greasy foam- on aeration
tanks.

.

E. Other process indicators which the operator
should document in his own facility.

y 32
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R

Part III A, Operational Control
Procedures for the Activated
Sludge Process

0111110.0

Activated sludge plants have tha capability to
adjust return sludge flow. krt-he,z4perator is=working at a facility whose flow inconstant,
whose sewage-strength is constant, where everY-thing is the same throughout the day and
throughout-the year, there is. undoubtedly one.value for'returnOudge flow. When this value
was found, there would undoubtedly be no furtherneed to adjust the return sludge flow. Having.yet to see such a facility, it would seem
appropriate to address a methodology fdr aqjustin!
return (clarifier) sludge flow.

Co sider the two extremes of slpdge withdrawalfro the clarifier) If clarifier sludge flow istoo slow, sludge will accumulate in the clarifier.
unt 1 solids wash over the weir and are
discharged. If sludge flow is too rapid, clear
(t eated)_liqdrid is returned to the aeration tank.There would appear to be ap optimum sludge flow
somewhere_within.the extremes. The methodology*cilbed in*Part III A is a logical, approach to
clarifier sludge flow control. A control test,
mixed liquor allowed to settle, is observed.

',The sample's ability to"Concentrate is calculated.
The'clarifier sludge flow is _adjusted to the ends.of matching the concentration_ of the Clarifiersludge to the demonstrated ability to concentrate:as shown by the settling test,

The calculation procedUl..touite simple, given .the "target" time. Assu e clarifierNsludge
flow is bZing controlled to the sixty minute
demand, sixty minute settled sludge concentration'

.'as- determined from the settleometer and centrifugetests. The equation and a sample problem areshown on Pages-40 and 41 of Part III A.
.

Until such time :thathe "Part IV - "Process
-Control" pamphlet becomes available the following
guldelines.are suggested:

1

33,
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ow :Control

Student handout .4. contains
suffic data to Take a
pradti ce c 1 cul ati on .

is

r7

1. Demand time selection (sixty minute der,nand means
...

the settl ed s 1 udge concentrati on calcul ated, from
the sixty minute settling value). Demand times
will vary from plant to plant and even'withi
one plant. Factors which influence demand time
seledtfoe include secondary clarifier overflow,
rates, organic load, 'sludge quality; and
hydraulic limitations. Clarifiers operating
at high overflow rates general lit dictate that
relatively short, (low) demand times be selected -
thirty minutes, for example. Low overflow rates

. allow for relatively higher demand limes sixty
to ninety minutes. In general the exactness of
the calculated clarifier sludge flow -demand is.'

' not as important as the direction of adjustment
. the result indicates, increase or decrease in

clarifier'sludge flow. Excessive adjustments
should not be made. Adjustments should be limited
to no more than 20 - 25% change. Hydraulic
limitations musik be determined' for your, faci 1 i
An example would be .not reducing sludge flow to\.
a level which results in plugging draft tubes, or
piping. For th matter sludge -flows should not
be raised, to ley s that result in excessive
turbulence in.t e clarifier which would impede
soli ds separation (s ettl i ng). Othe.r process
indicators.-must not be ignored. Process control

. requires total process evaluation, judgment of
process demands , sonti-ol adjustment, conti nued
testing,' evaluation, and judgment etc.'

t <,.

3 4
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a0-

Part III A

d

r

/

Process.control takes on a new dimension when trrend
charts are a .part of process control decisio
Tffe sub-sequgnt figures display about 1,3 weeks o data
trend charts. These represent data _ries as
oppoSed to true, daily maintained trend cahrts. They
are missing the all important daily, operaticinal notes
of unusual 'circumstances or events.

The folloWing trend charts are j,nciuded:

Settled,slUdge volume- Figure 7

Settled sludge concentration -.Figure 8

Depth of sludge blanket - Fi guret 9

Turbidity, Final effluent-- Figure 10

Aeration tank COD load - Figure 11
A

Final clarifier overflow rate - Figure 12

Oxygen uptake test results -.Figure 13,

Weight to concentration ratio Figure 14

Tranvarancies of these figures should be madeto
display several of these transparancies 'at the same
time.

Discussion of these trend charts should include
but not necessarily be limited to:

1. \figure 14 - Recall the eqUation WCR = MLTSS/ATC.I'
Note that this ratio is most certainly not'
constant.= Compare the iroved settlingmp
characteristics (Figure 7) to this increas5 in,
WCR.

The COD load curve (Figure 11), overflow ra
(Figure 12); and final effluent tt! idi
(Figure 10) §hould be displayed sim t fieously.
Notice that hydraulic overloads do not occur,
rather organic load does occur with a resultant
degradation of effluent quality.
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Page 38 of 59

Module . Topic:

Trend Charts

Instructor Notet:

4,

Instructor Outline:

44.

Other combinations should generate discussion.

Any questions on thel6gistics of trend charting
should be resolved: It is suggested that 10
square by 10 square per inch graph paper does
not lend itself to trend charts as the units
of time (the horizontal scale) can be confusing.
There is available graph paper graduated 12
squares per inch horizontal by 20 squares per
inch vertical. .
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Module llo:.= 14Oduleitle:
,

'-*

. .

)

Ad/anced Activated SlUdge

,
Samodule Title:

:
.

Oxygen Uptake. .

.,

Approx. Time:

4 - 6-hours

1

Topic:
.,

-

,

.

.

Objectives: .

. ' .

1. Perform an oxygen uptake analysis on:
. .

_

(a) Return sludge alone (diluted) - "Unfed"
(b) Retun sludge plus aeration tank influent - "Fed"

7,.
.

2. Plot oxygen uptake data on trend chart.' , .

i
. 4

-,

,
.

.

.

''.

..

.

.

.

.

.

.-

,J.
.

7
Instructional Aids: . .. . .

,
, .

,

1. Equipment +as listed on following 'page.' .

.

.

, ;V Q»

f
.0,

',..

, _

- 4

.

instructional Approach: . _ 'Ir
,

-.'.' .

lecture ,

. -, .

Demonstration
Hands-on-student participation V

-7 .'
.

,

.

1.,-7,,'

.

1 ; e

.

References:
.

. ,
.

(

1. Dissolved 'Oxygen AnalyAls, Activated Sludge tcmtrol, XT-43,, USEPA,
Cincinnati, Ohio, 45268..

,

,
.

.

.

. .

.

.

a

.

...
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- A STUDElfr'HANDOUr 5

OXi$EN UPTAKE WORK SHEET

UNFED MIXTURE

..

Time Temp.

.

D.O., bD.0;

t = 0
., [

1
. ,

.3

4

_
,

5 .

.

..,

6
, .

,

.

'7 ,

.
.

10 . -, .

) 0

11
1

.

Flows:.

Return sludge flow = A
Aeration Tank influent = B

Page 4.8 of

FED MIXTURE
.

_ .

. ,

Time Temp., D.O.

1

1 A D.O.

t = 0

1

.

.

.

.

-.2

.

r--

.

<

3

4
.

---

6
r

7
.

8 i r

9 . ,

10 . k

1

11 _ ,

\.,

Calculate voluille of return sludge' (RSV) required:

RSV = 300 x A 300 x ", 1

4-
' A + 13,

. 4-

i---.
Calculate load ratio (L.R.)

. -...

. L. R. = Fed mi.4tUre oxyg0.0,0take =
7-4107*Unfed mixture oxygen, uptake

t

.1:5%, 1 .,,,.,

* L. R. =
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Module No: Topic:

OXygen Uptake

Instructor Notes:

Student handout 5 is a

suitable data sheet for the
oxygen uptake test.

Instructor Outline:

1.

The activated sludge process is a_constantly
changing system with interrelationships among
biological., chemical, and physical characteristics.
Oxygen 'uptake activity will show changes in process
Character. For example, an active sludge with an
abundant available food energy will have a relatively
high oxygen uptake and s tow settling rate. It is,
approprIpte,.hoWever, to arn the procedure before
discussing Aata interprets ion. ,

TEST PROCEDURE
,

These procedures and other portions of.this control
technique discussion are taken primarily. from work
done by. F. J. Ludzack, deceaied. Mr. Ludzack w
with,the National Training CenteP, United States
Environmental'Protection-Agencp, Cincinnati, Ohio.

)

The following equipment)* required for the test:
)

.1.. 1 El4ctronic di'ssolvedAvgeniinalyter wiA BOD',
1 i

bottle probe and agitor.

2. Mahnetit stirrer and stirrijg bar.
.

3.; 300 cc !standard BOD bottles

4.; 100 ccsand 250 cc'graduated!

. 5.a Three wide -mouth sampling c'ntainers. .
,

t

AF

ylinders.

6. t Cetrtri:Fuge.

1
1

7, Stdp watch or timer.'
!

1 8.; AniactiVated sludge plant wIth control C xibleility
1 1 '

i )
,

i

-This
,

test should berfaccomplishedin a prompt, orderly
i fashion.. FOr,exampie, don!t"collect samples,
ist$fidardize the-DO-theter; makeriolume calcutiations,
discuss the day's work schedule, take a coffee break
and then "run" the'tests.

'

.

56
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Module No: topic: Y.'

Oxygen Uptake

Instructor Notes: Instructor Outline:

0 0

The DO meter should first be set_up_and_s_taadardize
This should be accomplished by an accepted technique,
using.instructiOns furnished with the DOarlyzer
availably,

Flow,ffieters should then be read and the values
recofid4d. The aeration'tank-influent and return
sludge, flow are-the flow values needed, After these
flow values have been recorded the sample-volume
calculations should be made.

.Either of he following formulas may be used to
determine the volume of return sludge to be added
to the 300 cc BOD bottle:

Return sludge volume.(cc) =

300 x return sludge percentage (decimal)
1.0 return sludge percentage (decimal)

Example

Return sludgetpercentage is 50%

Calculate volume of_return sludge -to
oxygen uptake procedure.

.1,

Return sludge volume (cr)- Jbo x 0.50._
1 + 0.50

be Used in the

415 *

= 150
1.5

R,

Returfl sludge volume = 100 cc

'The-other.equation which may-be used:

Return sludge volume (cc) =

300 x return sludge'flow (MOD)

Primary effluent (MGD) + return sludge flbwc(MGD)
-

1'

Example

Return sludge flow is 0.46 MGb

r

57 .s.
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Instructor Outline:

a

3

I.

Primary effluent is 1.20 MGD
.

-,-Return sludge volume (cc) = 300 x 0.40
1.20 + 0.40

-= 120
1.60

'
Return sludge volume = 75 cc

With the test equipment set out, the me er.
standardized and sample voluniel calcula d, the
samples should next be collected. Sam les should
be truly representative of the process stream being

sampled with one exception.

1. Aeration tank. influent

2. Aeration tank effluent

3. Return sludge

4. Secondary clarifier,overfloW
I

The clarifier overflow is the .exception; It shoUld A
be-only dilutibn water. The r urn sludge sample
should be aerated to "freshenl t as it has been inthe clarifier for some time.

The time'has arrived to perforin)the test procedure.
-In fact, two separate determinations are to be made
with conclusions to.be deawn frtmi.each determination

'arid frotf-a derived calculation using both results.

The first determinati.on of oxygen uptake rate is
run on return sludge and clarifier overflow, the
"urifed" Mixture. The second rTctice calculation'
determining return sludge vol e (75 cc) will b.e'
used.

1. Carefullimix the -freshen d return sludge sample
and ;measure the cal cul ated volume , 75 cc. Add
this to the 300 cc BOD'bottle..`Rinse the
graduatq.cylinder with the clarifier overflow_-,
to, tra ffer the remaining4isludge into the SODr

bottle .
s J

58
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Page 52 of 59
Module Ito:

t

Instructor Notes:

Topic:

Oxygen, Uptake
4.awillalm.=11104

O

)
4

3

Instructor Outline:

2. Fill the BOD bottle with clarifier ,overflow-----
to point about one-quarter inch into the
tapered neck.

3. Aerate the sample using an adapter to connect
a clean BOD bottle to the 'sample boqle. Shake ,

vigorously while transferring the-saMple to
the empty bottle an ack:-

4. Insert a s irring balr and the DO probe,
exercising are not to entrain air.

5. Place the tes bottle with probe on the
magnetic stirrer.

6. Start the BOD probe `gitator.
0

7. Start the magnetic s irrer and adjust, the speed
to maintain solids s spension and distribution
throughout.the bottle.

8. Observe and record tie initial temperature and
DO, start the timer:- Observe and record the
DO's at exactly one inute intervals OW
there are at least t ree consistent one- minute
readings for oxygen ptake. The di ffetence.
between individual adinqs at one-minute
intervals is reporte as the oxygen uptake.
Save a sample of the test mixture for clentri fuge
testing. Record the temperature of-the mixture
at the time the final oxygen level is read. A
tenth or two centig4de rise in tempera urei ls-
not significant.

This completes the unfed mixture oxygen uptake
I

determination. The next determination is Arun on
an identical volume of r turn sludge, but with
aeration tank influeht u ed to rinse the sludge,
from the, graduated 'cylin er into the test bottle
and to fill the test bot le into the taper d aria,
This. is then' the "fed" m xture, return slu ge (75 cc
for this sample) mixed w,th aeration tank i fluent.
Continue the procedure al,with tip punted'!. ixture,
steps 3 through 8.

5 9
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Topic:.

Oxygen Uptake

Instructor Notes:

.11

4

Instructor' Out) ine:
4

_Samples of_the fed mixtbre,-the unfed. mixture-and
aeration tank effluent should now be centrifuged.
This is a rough check to give reasonable assurance
-a calculation error was not made in determining
the volume of return sludge to be used in the tests.
The three concentrations may be expected to vary-
somewhat. If large discrepancies are noted, check.
flow readings, calculations, and re-run the tests.

._DATA INTERPRETATION

-Data collection is .a frustrating exercise if one is
not able to "Use" the data for some purpose. It
would be most rewarding to now be able to Tist
some magic numbers and a laundry 1-44 of,exact
control, adjustments.which should be made as these
magic numbers would be determined by-test procedures,4
under various operatjn di tions experienced at 3

any given acti s udge plant, Such is not the
case. Howevec, that is not to dktract from the

, 1possible usefulness of the procedure as if relatbs y

to process. control. /
,4.

One additional calcUl ati on must be ;introduced, to be 1
followed by discussion of how to use -the data t
accumulated fra;11. the two test deternitpations (fed
and unfelt mi 14e oxygen uptakes) and the
cal cul a

- The load rati o cal cuIated by dividing the oxygen
uptake rate of t e fed mixture by the oxygen uptake' I

P., rate ofi the unfed mpfure.,

L. R. -=1 Fed dxygen Optake

Unfed oxygen optake'

Consider the following, test results

Case I '

# 4

Unfed mixture Oxygeh uptake = 0.4
.

:Fed mixture oxygeiUptake = 1.2
PI.Y.

L. R. 1.2 1 - )).
0.4

\ .

LAR. = 3

6'6



Page 54 of .59

Topic:

Oxygen Uptake

Instructor Notes:

ti

1

\,0

Ins ructor Outline:

Ludzack stated that "The,best range for each plant
is an individual characteristic, but conventional
activated sludge commonly performs best at- an L. R.
of, from 2,to 4, extended aeration at less than 2,
high rate plants more then 4".

Three points are to be stressed. First, that "the
best range for each) plant is an ,individual
charlteristic". This is determined by making the
oxyge uptake determinations and plotting trend
charts) the data. Allow the plant to communicate
with you, the operator. Note on your trend Charts
what the effluent quality is along with uptake rates.
Other process indicators should also be plotted,
settling rates, flows, turbidity, sludge blanket
depth etc. Allow the plant to tell you via trended
data what changes are interrelated:

How, for example, de-sludge 'settling rates change as
.oxygen uptake 'rates or load ratio changes?

Secondly then, 'don't just perform the procedUre,
and plot the data. Use the trend charts. 41 tice
the changes in pfOcess indicators as ydu mak
control adjustments? Ultimately, the goal. i to
detect process. needs or pending upsets from your
plotted process control test data, Make conthol
adjustments based on process need cm ;Jethand, and
maintain' a consistent ef%Dent quality..

The third point deals with the Toad raii b ra gds
-given as "best range". Why should the sugge ted
range for an extended aeration facility be less than
for a conventional, activated slUdge facility The
basic difference .in the extended aeration fa ility
compared to the 'conventional facility is the itme
,under aeration. The aeration tank detentio tin*
is 3 or 4 times longer in an'extended.aerati n
plant. So?. -Assutile two facilitieS receive t e same
wastb strength, same flow, therefore saine,to al
164 (food)., The extended aeration plant, ever
has 'larger aeration tank capacity. It has a 24-hour

-detention time compared to 8 houYs for the oi.her
Olant.'"%rf the same amount of food is going,,lintcr
each plant, the extendtd aeratidn facility by. sheer
detention. time will have a more stabilized (t ending

)
6
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Page 55 of 59

Instructor Note's: Instructor Outline:
*

Is?

toward over stabilized) sludge. The critters
have eaten all of the food in" the wastewater and
have undoubtedly 'entered the cannabalistic state.
The, result is that when the- return sludge.is
combined with aeration tank influent the organisms
will not have as high. as uptake rate as the return
sludge from the conventional plant.

It is worthy of restating that an appropriate load
ratio should become evident as the'test results ;-
are plotted (trended) along with other process
parameters,. to include treated effluent quality.
A load ratio or range of load ratios tha-Lhas
characteristically resulted in acceptable'effluent
quality can be expected to produce the same relative
quality ih ithe future at the given facility. Lets
assume that a given faciltty 4n fact .performs well .

at a load; ratio of from 2 to-4. Appose the loid
ratio has1 gone from

1 ,2 = 3 tO 2
0.4

0.5 = 1.25

The smalla i, ncrease i
mixture ie,1 at i ve to
resul t..of:

i

n thetlpta.ke rate of the fed-
the Virfed mixture could be the

A. Rainwa er dilution of feed

B. The- O;-itters.couldn't use this type o feed
t

C. The fetid contained growth restricting le6mponents

D. Unfavbrabll conditions 4.

1

A rerun of ,the test sludge with a known -ahceptable,
feed will assist in.detenninin,g if the reduced
uptake rated was due to the feed or to theisludge
itself. Ifthe low activity is simply-al function
of a .redUced foOd concentration, there is 'really
no problem: If, however the -sludge is "Sick", there'
a probleM.i-Effort should be expended to find outwhy.
and correct; the situation.

62
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Module Ho: Topic: 4..

Oxygen Uptake

Instructor Ores: Instructor Outline:
O

Now assume the load ratio ich had been hovering
'around 3, rises to 6.5. fed sludge .rally
has an'increased oxygen demand. You must pay special
note to aeration tank dissolved oxygen' levels in
this type situation. Can the needed air be supplied-
will the sludge bt sufficiently stabilized in the'
time available? This situation is calling for an'.
`increase in the-amount of solids returned to the .
aeration tank, more critters are needed because

-of all the food that is entering the aeration basin.
Aeration ,tank DO may limit just how high solids
ooncentrations can be maintained in the aerator..
If DO levels disdppear, you must reduce solids.
Chemical additions may be reqffired to enhance
settling rates. Step feeding also will assist
in decreasing peak oxygen demaVs.

A, load ratio like this:

L.R. = 0.1
0.4

Indicates something in jhe wastewater feed cold be °,
shocking or poi;soning e critters; Try to

"'identify what might be comirig in to the plant. A
bare minimum'would,beto chick the pH to see if
an extreme .change in pH is beir_Wexperienced.
Plant recycle floWs 4hould be checked for their.
"treatabi lity":

This is the last example. 'Consider a load refl..
I which'went from:

I L. R. = 1.2 = 3 to 1
(T.-T

L. R. = 1.43 = 1.2
a

1 1

What is unusual about this situatiinr is the " unfed"
rate. Notice that the "fed" mixture has not changed-
that much (1.2 to,1.3), but the unfed has, nearly
tripled (0.4 to 1.1). This can present problems
in that it indicates aimed for nitire,,solids..in the -;;,

-aeration tank.' There :is still food 'remaining itj
sludge. is a "young" under-oxidized return4sludge
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Or

A

C

nstructor Outline:

,and Settling rates are probably slowing down
markedly. The problem - If the sludge won't settle-

...
,
how can you return -more.- More time under aeration
is probably needed. Coagulants may tie required
to-assist in 'getting the sludge to settle so, it
can be "moved" back to the aeration tank. Step
feeding also might allow the sludge to become
more stabilized.

`4-

1.

64
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Mod) Ile No: Module Title: - ,i .

r

Advanced Activated Sludge

.

Sublhodulelitle:

Process Control '''
.Approx. Time:

,

Topic: .
.

.

3 -5 hours =

I

.

, . -, -
Objectives:

% litt.

. ,

1: Given trend chart data showing settling curves, concentration curves,
sludge blanketlevels,:oxygen uptake,--proce4s' flows, and effluent
quality describe process control adjustment indicated. Address 10

,fa) Return sludge flow'.
(b) Waste sludge flow A

Discuss tjie trend charts addressing what each curve is indicating relative
.to proces% A ' e

. . .
4In Aids:

.

1. ,Student -.data and trend charts.

J

1 i

. .

, .;
1

.Instr4tional Approach: .

1. El'iscussion of "real wPrld"data4- Instructor acting as, moderator.
.

.

Ni

I . 1

.. ;

References: '

j ,t

4., I

.1 l .1.
i ,

-

1, 1 )

,

. .
s

1 .

.

Class-Atsignmerits:

. -

...-
. .

.
.
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Page 59 of "59

Topic:

Process Cpntrol

Mt

Module No:
4

Instructor Notes:. Instructor Out)ine:

J

The relative success of this workshop hinges-on the
final topic. A prerequisite ofthe workshop is
attendance 41(the "Intermediate:Activated Sludge"

4
workshop, and,trended data from the student's .

facility. The instructor r-shoOd ff at all pos.sible,
collect student trend charts at the close of the

\first day of this workshop. Then make transparancies
from those student trend charts. These should °Form
the basis of discussion for this topic.

Attempt to select data representing various''control
methodologies i.e. F/M constant mixed liquor, etc.

The instructor should spend sometime theeveninb
shef6re the second day attemptiligto "spot"
significant trends etc. If pre-registration-is
accomplished, the instructor should consider asking
for trend charts ,at the time, of pre-registration.

Encourage those whose data. is being .displayed to

share-their interprptation and how, they are or
even are not able to incorporate the trend charts
into process*.control.

p
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The following materials are appended frbm which student handouts

may be duplicated and traniparancies produced.

Figure T -
,

Conventional Activated Sludge Process

Figure 2 r Step Aeration Process Schematic- -.

...-

Schematic

Figure 3 - Contact-Stabilization Process Schematic

Figure LT..- Conventional 'Activated Sludge Schematic

Figure 5'- Flow Bal'a'nce

Figure 6 - Mass Balance

Figure 7 - Settled Sludge Volume Trend Chart

Figure 8 - Settled Sibdge Concentration Trend

Figure 9 Depth of Sludge Blanket Trend Chart

Figure:10 - Final Effluent Turbidity Trend'Chart

Figure 11 --Aeration Tank CbD Load Trend Chart

Chart

,Figure. 12 - Overfrow Rte,Trend Chart

Figure 13 - Oxygen Upta15.e Trend Chart

Figure' 14 WCR Trend Chart

Student Handout 1 -
-

OnelPage
;

Student ndout 2 - Orielicge

Student Handout 3 - One,Fage',
O

Student Handout 4 - One'Page

StUdent Handout 5 -% Qae Page

O

O

67

ji

A

A

I

.10

0

0

0



WASTE

itSLUDGE

FLOW

CLARIFIER SLUDGE FLOW

RETURN

SLUDGE
FLOW

AERATION
TANK INFLUENT"

6

DETENTION TIME= fi - 8 HRS.

AERATION TANK

o

FIGURE 1

CONVENTIONAL ACTIVATED SLUDGE

PROCESS SCHEMATI&

f

. ko

.4

t

I.

6 1.

CLARIFIEA'

OVERFLOW 1116.

SECONDARY CLARIFIER'
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WASTE

SLUDGE
FLOW

CLARIFIER SLUDGE: FLOW

z

A

AERATION TANK .

RETURN
SLUDGE

FLOW
q

INFLUENT

A

AERATION TANK

FIGURE 2

, STEP-AERATION. ( STEP :FEED )

PROCESS,. SCHEMATIC

-
.69

SECONDARY CLARIFIER

I.

CLARIFIER

OVERFLOW'



3

I

WASTE SLUDGE I

CLARIFIER SLUDGE FLOW

FLOW RETURN SLUDGE FLOW

PRIMARY.

EFFLUENT'

RAW WASTEWATER)

STABILIZATION .

,TANK

I

CONTACT
TANK

D.T.-.11 H.R.

FIGURE 3 .

CONTACT STABILIZATION.

PROCESS SCHEMATIC :,

(
7 .

CLARIFIER

O

OVERFLOW



XSF (mgd)

.04
,RSTSS.,,Smg/1)

CSF (mgd) .

RSF (mgd)

t RSTSS (mg /1)

AFI (ggd)

RSTSS (mg/1)

PETSS (mg/1)

I

71

Aeration Tank
".

$.,,

TFL (mgd),

MLTSg 6W11

CF0,(mgd)

FETSSmg/1)

CONVENTIONAL' ACTIVATED SLUDGE

PROCESS SCHEMATIC
6

, 'Figure 4

.1t

72

0
4



XSF CSF

4

RS F.

TFL

if

1

CFO

Flow in = Flaw out.

TFL = AFI + RSF

TFL.= -CFO + CSF,

CSF = RSA' + XSF

Eipute 5

Flow BO Moe:

73
a
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X F '(mgd) CSF (m00)

,

MLTSS

CFO (mgd)

FETSS (mg/1)

Pounds/day = Flow(mgd) x Conc. (mg/1) x 8.34

Pounds in Pounds out.

c.

4

. 4

Figure 6

MASS BALANCE

I'.

o e
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Page 1 of 1

(
STUDENT HANDOUT 1

Unit Process -13ii:nens,4K1s

.
Primary/Clarifiers _

NuMUer

,

Dimensionsidach) 22! dia. x9' depth.

Prilary Sludge Pumps

Number 2

2

Capacity] (each) 200 GPM

Aeration, Tanks ,

Number ite*:"
s. 1

Dimensions (each) 32-' x 64' x 141 ,deep

°

Blowers

Number

ze

Secondary :Clarifiers

Number, ;, s\

Di sions. (each) 25 dia4 x 9' depth

Retur

Capacl y (each)

y

-A ,

2

2 at 1,000 SCFM

1 at 700 SCFM

3

_

2oo GPM.

t



Page 1 o f

Prant Data

Fl ow

Raw flow

Primary sludge flo

Return sludge flow

Waste s 1 udge: fl ow

/30D

Raw

Primary effluent

Final 'effluent

STUDENT HANDOUT 2

X

Total Suspended Solids

Raw

,Primary effluent

final effluent

Mixed Liquor

ML-TSS

'MLVSS

Return

RSTSS

Primary Sludie

PSTSS
c.

0.6268 MGD

0.0 69 MGD

0.3140 MGD

0.0130 MGD

366 mg/1

302 mg/1,

14 mg/1

460mg/.1

137. mg)\.

14 mg/1

, 3382 mg/1'

3138 mg/1

8399 mg/1

157 mg/7

1.4

IA
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4

1

I
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Page 1 of 1

- STUDENT HA UT 3

Given: Two aeration tankg, each 16'..-x 32' x 12'

. "I"
Sewage flow.BOD =,165 mg/1

Raw flOw = 300,000 gallons per day

.0

Select:, F/M ratio (0.1 to 0.5)

Say 0.3
2

Find Mixed liquor volatile suspended solids concentration required.

1. MLVSS =

Fina' effluent quality not acceptable. The appearance of the final clarifier
- ,

indicates a higher concentration of soTids'would imp7ve final effluent

quality. -

Select a revised F/M which would. result in a higher ncentration of solids
-

4e
and then solve for the new concentration.

7 Aifff

2. MLVSS

M

I.

.

es

1

-
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STUDENT HANDOUT. 4

DATE !IA: 114//1?4;
DAY

Page 1 of

tri &Mt, 1) 4 moil)

'TEST
TIME -

RAW FLOW 2.45 Pug)

RETURN , FLOW So y D

WASTE FLOW CO

TEST
TIME

RAW FLOW

RETURN FLOW

WASTE FLOW

TEST
TIME

RAW FLOW:

RETURN FLOW

WASTE FLOW

TIME SSV' SSC

o- i600

3
.

10 Seto
15' 4 SP
30 3, go
45 31d,
60

90

TIME SSV SSC ,

0" ;100Q ____5,°
10

30

45

6o

90

LTC' 2 Vier -ATC

kSC.)#. 4 2 . 1* R S V

DOB IS-11.21 -'DOB
INITIAL

SpTURBIDITY .0

TY 0
FINAL . ,01.
TURBIDITY

4
tip 'T.A.14

=1..

"h.

TURBIDITY

TIME SSY SSC

1-000--

.6

10.

1:5

3p

45

6o -

.90\

ATC:---.
PC
DOB

INITIAL

.'gINAL
TURBIDITY

6111.01.0..4.1VMO

I

(

94
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STUDENT HANDOUT 5

. OXYGEN- UPTAKE WORK SHEET

UNFED MIXTURE

Time (min Temp. D.O. A D.O.

t:= 0 ;
-

.

...

2
) .

3 . .

4

I .

.

5

,

8
,.

.

. , .

10 'c.

1 1 . .

Ilo

Flows:

1 of 1

,)
FED MIXTURE

, -
.)

Time (min)" T-emp. 0.0.

) 1

A D.0.1

t -= 0

3.
.

2

. \
k,

.., (--
.

.
.

. 5

.

.
.

. .,

11 "

Retiirn sludge flow =, - A
.

Aeration TanK.influerit = B

Calculate volume of .return slUdge (RSV) required:

RSV = 300 x A 300 x
ki- B =

Calculate load ratio 1...'R.)

, .

1. R. -= Fed_mixture oxygen uptake =-

Unged 'mixtuv oxygen uptake

L. R. =.

95

e

,

4

t

,

J

Q.
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'1,
Module Title:

Advanced.Acti vated Sludge

Module No:

Approx. Time:

Page 1 of 10

.

Submodule4Title:

EVALUATiO1
6

Objectives-:-

The 'earner will demonstratg,that he has achieveciihe objectives
correctly answering 75% of tie following questions.

,

Flow .

5.0 MGD

BOD =!.

335 'mg/1

)1

170' x 57' x 12',
MLTSS - 2,500 mg/1

.170' p7' x

2,500 mg/1

...4105

of .the\module by

A Waste Fl ow = 75,000 p34:1

Return = MGD

Return. sludge = 1,20D mg/1

170' x 7' x 12'
2,500 mg/1

170' x 57' x
2',500 mg/1

f

440

75' Va.;
10' Depth.

?

1,

4/

75i Dia. 1-n1,Deyth

Calculate:

:

A. ,.:"Aerati On tank detentiqn -time atf'l ow aTo4e. , . ,

.

B. Aeration tank dgtention gme at flow plus return.
- ,

C. BOO loading, lbs. B05 per 1000 cubic feet of aeration'tank:
i0

D. .F/M

E. %Clarifier Crverflow:'Rate.

t. ,Sludge Age.

"p,

'

it&
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4

I

rage,

.

-%

of 1-0

A.

-. 4

ti

B.

7

c;

nA4 %

2. Lagil each aativate0 sJudge'schemattc by the name. of the process of the
modification., k

9'7
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S,

4

t

,

44

Page 3 of 10
r

06

3. Four trend charts follow.
(, .

-. - S
A. Figure A is a plot of secondary clarifier surface overflow 'rate.

What is the probable 'cause of. the peaks in Sections I, rl, and IV. .,t
. .

t`z-

JT
B. Does .the depth. of sludge blanket curve, Figure B, show the 'iden'tical

response to the increased OFR inlections I and IV of-.Figures A and
B? If no, what is the difference?

4,r,

:::
. ..

C. The settling characteristics were relatively 'poor, espegially fi n'.
Sections I and II of Figure'C. No sludge waswasted during that
period, Figure D.'.' What -is a possible explanatign tor -zero sludge

. 14 4 a I''4.9 wasting during that period? , Nz f
4.a

J

gD. Comparing Figure C and ,D, Se ion IV, describe your interpretitiorf
.of settling characteristics as unction Of wasting Sludge. _.

I .60 .

I'

98 4

4
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4

Mp

Pages 1:0

AnNoxjegen uptake analysis is run with the followipg data recorded:

Time (minutes) D.O. ' D.O.

0 8.6

.

1 6.4
-.I

:5.1 r

3 4.6
A

S.
4 4.0

.s5 . 3.4.

6 2.8

7
P

COMplete the data sheet and show tie oxygen uptake rate.
.._.

.: ,
-..

(Show the units). ,

_

. , .,
-:A second uptak analysis is. run with the' following data recorded:

4

',Time (minutes D.O. t, . D.O.,'

1/2

1

11/2

2

21/2

3 _

8.7

6.5

5%4

4.7

.4.1

3.5

Complete this data sheet and -show the oxygen uptake rate.

(Show the units) .

;

4

107
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Page: 9 of 10

.

.6.. An' aeration tank has a volume %of-214,000 gallons. Mixed liquor otal
suspended solids concen:tration is 1,800 mg/l. The waste flbw has been
averaging 310,000 gallons per day. An increase in flow is anticipated .

from a new interceptor. The flow should increase to 400,0,00..gallons
per day; BOD xpected to. remain' at '260 mg/). The operator -wants. to
control to a constant F/M rationaintaitning the ratio that existed

; before the. flow increase. What will be the new-tontentration of;mixed
liquor the facility will want?, A.

4

JWhat is the F/M ratio at which the facility is being controlled?
#

-)
. .

7., What'is the primary process control variable used in. constOrtt mixed
liquor solids level control? . . ' i

. - .- . ,.
8. A waste treatment factlityr_has a wide variation in the BOI3load coming

into the-plant, Is constant MLVSS, a good control methodology for :this
, . fa ci 1 i t_y_.K ( ,,N ,

./ .., . ..
, b'9. A waste treatment facility recently purchased a' total organic ca_c_kon

(TOC)analyzer. ;What control methodology.a);ethey probably 'going to
at least attempt to incorporate? . ',

.1
. .s.

10. List two Osadv.antagesto control to a F/M ratio. -.
... , .

.11. List a problem relative, to control to ,a constant sludge' age.
1

-

.14

12. --An activated sludge taCility is -utilizing return sludge flew demind
methodology. Rinal .'(elafrifiensurface overflow rates are in the range
of 400 to 500' gal ions per square foot per day.. With gb additional
'information, would the facility probably be controlling to a 30 Oinute,
demand time or a 90 minute.demand time? ,

13. Givenr.' RSC = 18.9% .

ATC = 5%1%
t

SSC 90 = 14:5%

,RSF = 0.,4 MGD

Control to a 90 min ute,derhand

RSFD = RSF (Rsp, ATC)/(SSC 90.- AT.C)

108 e

4
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T what level

14. escribe the
'atyour facil

should the'return

control testing and operational control ZOhodology use
ity.
4

sludge flow be adjusted?

,c

I

4.4

4

-109 )

. .
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4^

6
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Modu1. No: 0

page 1

Topic:

EVALUATION
4..

I*

tructor Notes:

/,.

1

At,
Instructor, Out' ine:

-

(

1. A. 16.7 hours

B:: 11.1 hours

C. 30 lb's. per 1000 cubic ft. t

D. 0,19

E. 566 GPS FPD

F. 16 days

J.

(Lbs. under aeretion/lbs.wasted per day)

2., A. ,Conventional (or extended aeration)

-

B. Step aeration (step-feed)
.

., C. Contact stabilization -'
A .

. . . ,
.3. A.: -Rainfall . ,

B. No _ t,

\ . ' .

, .

SectionYI blanket went down, in Section IV
blanket came up with the ineeasedflOw

. Operator thought Paging".the sludge should
incre se its settling chiracteristic.
Unfo tunately it didn't - appear to helpin;this
situa ion. '

.°

D. -Silouls1 be some comment addressing t "he'high.

aste rate.end the increased settling rate
whiCh resulted in tfiat period,

4. 0 8.6' Y\ XXX
4

6.4 2.2

2 4 "54

-3 4.6 0.5

'4 4' 4.0 I- 0:6

oz

5 3.4, 0.6

,,

3



T6pic

EVALUATION

-

ModuN, a

Instructor Notes'':,

Page

\ .1

4! ..,. - - ,,,,, - .
Y:

, irf

.7

Instructor OuX4ine:-

6 2.$ 0.6

. 7

Uptakel=.0.61pm per minute

5. O 8.7, xxx

1/2 6.5

1 5.4 v .1.1

11/4 4.7 0.7

2 . 4.1 0.6

'21/4 -3.5

3 . p 2.9 0.6-
Uptake = 1.2 ppm per minute

6-. A. 2322 mg/1 .

B. 0.15 .

-7. Waste sludge flow

8. No*

*9; Constant F /M, ratio control

M.' Difficulty in obtaining a timely value for F
-(food or load). MLVSS not necessarily a true
measure of M. Inability to make instantaneous
`changes in aeration tank solids concentrations,

11. What equaith 'should be used. .What veil* of
sludge age should be selected.

12. 90 minute demand time.

- :

1.3. RSFP = 0.59-1RDD, however;the-return flow should
be changed generally a maximum'of 25%. Set

)
RSF at .5 !1GD. -

14. No 'set answer. -Check' individually and offer.
.conment in.response.


